Industry enterprises are regarded as the research object in this article, and the three-stage DEA based on super-SBM is used to calculate the green innovation efficiency of China's 29 provinces, municipalities and autonomous regions from 2010 to 2015. The results show that the green innovation efficiency of China's hightech industry is increasing year by year, but the overall level is not high. Government support for environmental protection efforts, the level of economic development and industrial structure have a positive role in promoting the innovation efficiency, but regional energy resources production has negative impact. There are obvious differences in the efficiency among different provinces, which shows the law of decreasing of eastern, central and western regions. Low innovation output and environmental pollution are the main problem some regions of low efficiency need to break through.
INTRODUCTION
High pollution, high emissions, low efficiency and other issues occurred in China's industry enterprises, which have seriously hampered the sustainable development of China's economy (Zhang and Zhu, 2012) . China's industry enterprises must accelerate the green transition and adopt the development model of energysaving and innovation-driven. Therefore, green innovation has become the most important factor for getting market position and competitive advantage.
Green innovation has not yet formed a united definition in academia, and scholars have different understandings (Zhang and Zhang, 2013) . With the growing concern about ecological issues, green innovation has become a hot topic that scholars pay more attention to. At present, the domestic and foreign researches on green innovation are mainly concentrated in two aspects. First is the definition and connotation of green innovation. Green innovation should be defined as conforming to environmental improvement trend of innovation (Mirata, Murat, and Tareq Emtairah, 2005) . Green innovation includes new products, new markets, new systems and the introduction of ecological thinking in economic development (Balttel, Mink and Birgit, 1998) . The human society pays attention to the coordinated development of environment, economy and society, and strives to achieve the creative activities, which are called green innovation (Chen, 1999) . Second is green innovation efficiency evaluation research. Green innovation efficiency evaluation, an important part of green innovation evaluation, scholars mainly use the traditional DEA method and the improved multi-stage DEA method to measure green innovation efficiency. DEA model is used to analyze the green innovation efficiency of China's provinces, municipalities and autonomous regions (Fan and Zhou, 2012; Ren et al., 2014; Qian et al., 2016) . In addition, some scholars have improved the traditional DEA method to solve the problem of dealing with input relaxation and unintended output. DEA-SBM method and super-SBM method are often used to evaluate green innovation efficiency (Feng, 2013; Zhang and Lin, 2015) .
In summary, domestic and foreign researches on the green innovation efficiency have begun to introduce regional differences, but the impact of external environmental factors on the measurement of green innovation efficiency is less concerned, and the researches on regional differences of green innovation efficiency is not enough. China is conducting innovation-driven development strategy and promoting industrial restructuring and upgrading. This paper explores the introduction of environmental factors and regional differences in green innovation efficiency, waste water, waste gas and other environmental pollutant emissions are bring into the research on green innovation efficiency, the regional differences and causes of green innovation efficiency are analyzed in this article, which will have important theoretical and practical significance in promoting the green innovation capacity of industrial enterprises, regional ecological civilization construction and achieving green development. Based on the above considerations, this paper combines three-stage DEA with super-SBM model to establish a new model for analyzing green innovation efficiency, which will achieve the objective and true evaluation on regional differences and causes of industrial enterprises in China.
MODEL CONSTRUCTION

The First Stage: super-SBM model
The traditional DEA method assumes that all outputs are ideal outputs, but some outputs have the features that reducing outputs to improve efficiency, which are called undesirable outputs. At present, the methods of dealing with undesirable outputs are all not consistent with the actual production process. In addition, the traditional DEA model divides decision-making units into two types: efficient and inefficient, which can't further distinguish the efficient decision-making units. Therefore, this paper adopts super-SBM model, which is derived from the SBM model (Tone, 2004) , which not only solves the problem of efficiency evaluation at the presence of undesirable outputs, but also makes an accurate distinction between efficient decision-making units. Considering the inputs of green innovation are more easily controlled than outputs, this paper uses super-SBM model containing input-oriented and variable-scale.
Supposing there are n decision-making units, each DMU has m inputs, 1 r desirable outputs and 2 r undesirable outputs, which can be expressed as
. We define the DMU is effective SBM. The super-SBM model is as follows:
  
The Second Stage: SFA model
Stochastic Frontier Analysis (SFA) examines the effect of external environmental factors on relative efficiency (Timmer, 1971) . In the regression model, the explained variables are the slack variables of each input index, and the explanatory variables are the environmental variables of DMU. Supposing there are n DMU, each DMU has m inputs and p environmental variables. The model of the difference variable and the environmental relation is expressed as (Battese and Coelli, 1995) :
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SFA regression results are used to adjust the input variables of the decision-making units, and the results are:
Equation (3) is the formula of the adjusted inputs, where ik x is the original input, * ik x is the adjusted input.
The first square bracket represents the adjustment to the environmental factors, and the second square bracket represents the adjustment to the random error.
The Third Stage: The Adjusted SBM model
The original output data and adjusted input data are reintroduced into super-SBM model, and can obtain the efficiency that environmental factors and error factors are eliminated, which will truly reflect the actual efficiency level of each decision-making unit.
INDICATOR SELECTION AND DATA SOURCES
Input and Output Indicators
Industrial enterprises investing in green innovation mainly focus on the core resources, namely human input and capital investment. So the number of personnel and funds of technological activities are selected to be the inputs of green innovation in industrial enterprises. In terms of output indicators, the green innovation outputs of industrial enterprises include expected output and unexpected output. The number of patent applications can measure the potential market value of green innovation. In addition, the sales revenue of new products is a reflection of the direct economic benefits of green innovation. Unexpected output indicators choose the industrial sulfur dioxide emissions, industrial wastewater discharge and industrial solid waste emissions, which will measures the regional environmental pollution.
Environmental Indicators
(1) Government support for environmental protection. Local governments attach importance to environmental protection, which directly affects the green innovation activities of industrial enterprises. Therefore, the total investment in the environmental pollution control is chosen as the corresponding measure.
(2) The level of regional economic development. The level of green innovation efficiency is closely related to the economic level of a region. Enterprises in economically developed regions are more likely to undertake green innovation activities.
(3) Regional energy abundance. China has rich reserves for coal resources. Coal accounts for a large proportion in the energy structure, which results in large pollution in coal-related industries. In addition, green innovation efficiency may be low in energy-rich areas. This paper selects the coal production of each region as corresponding measure.
(4) Regional industrial structure. Regional industrial structure is different, and its investment requirements and innovation process will vary in different degrees, which will affect the green innovation activities of industrial enterprises in the region. Therefore, this paper chooses the proportion of added value of the tertiary industry to GDP as a measure.
Data Sources
Taking into account the data availability and completeness, this paper selects 29 provinces, municipalities and autonomous regions in China except Hainan and Tibet (the statistical data of some years are missing). The data is mainly from China Statistical Yearbook, China Energy Statistics Yearbook and China Statistical Yearbook of Science and Technology. In addition, because of the time required for the conversion of the innovation input to the innovation output, the time lag between input and output is set to 1.
EMPIRICAL ANALYSIS
The Empirical Analysis of First Stage
The first stage is based on the super-SBM model to measure the green innovation efficiency of industrial enterprises of 29 provinces, municipalities and autonomous regions from 2010 to 2015. The empirical results are shown in Table 1 . According to Table 1 , under the consideration of the influence of environmental factors and random errors, the green innovation efficiency of China's industrial enterprises shows a steady upward trend from 2010 to 2015, and the total average value is 0.531. The average value of green innovation efficiency reaches 0.616 in 2015. This shows China's overall increase in innovation and environmental pollution reduction. Judging from the three major areas, the green innovation efficiencies have maintained a year-on-year growth trend in East, Central and West. East is highest (0.779), Western is lowest (0.296), Central is 0.466. The average efficiency of the eastern region is much higher than the central and western region. Shanghai, Guangdong, Zhejiang and Beijing occupy the top four, while Heilongjiang, Shanxi, Ningxia and Qinghai are far below the national average, Qinghai is only 0.143. However, it can be known that the external environment of each region is quite different according to the environmental variables. Therefore, it is necessary to exclude environmental factors and random errors to avoid the interference in the empirical results.
The SFA Regression Analysis of the Second Stage
The slack variables of each input variable obtained in the first stage are set as the explained variables, and the environment variables are explanatory variables. Using the arithmetic average between 2010 and 2015, this paper constructs SFA model to get the regression results shown in Table 2 . Table 2 , the two likelihood ratio have both passed the significance test of 1%, which shows that the influence of external environment factors on efficiency measurement is significant.  represents the ratio of technical inefficiency to total variance, and each regression analysis shows  closes to 1. All of them pass the significance test, which indicates that management inefficiency factors have a greater impact on the production of relaxation variables, while the effect of random factors is smaller. The regression variables of 5 environment variables to 2 input relaxations can at least pass the significance test of 10%, which shows that the external environment variables have impact on the input variable difference to a certain extent.
The regression coefficients of Government support for environmental protection economy, the level of regional economic development and regional industrial structure are all negative, and can pass the significance test of 1%, 5% and 10%. This shows that increasing the total amount of environmental pollution control, per capita GDP and the proportion of tertiary industry in GDP contribute to the reduction of input relaxation variables.
The regression coefficients of regional energy richness to the two input relaxation variables are positive, and can pass the significance test of 1%. This presents that the increase of coal production is not conducive to the reduction of input slack variables. It is not difficult to understand that industrial enterprises have higher demand in coal-rich areas. This results serious waste of resources and environmental pollution, and the green innovation efficiency is lower.
The Empirical Analysis of Second Stage
In the third stage, the input variables and the original outputs are again put into the super-SBM model to get the adjusted green innovation efficiency of industrial enterprises. Specific measurement results are in Table 3 . 1 . The change tendency of green innovation efficiency in the first and third stage
In Table 3 and Figure 1 , the green innovation efficiency of industrial enterprises maintains a stable growth trend from 2010 to 2015 and accompanied by small fluctuations. The national average efficiency increases from 0.531 to 0.650 compared with the first stage. In recent years, China is accelerating the construction of an innovation-oriented country, and constantly improves the innovation of infrastructure construction and green innovation power. Regional governments increase environmental governance efforts and reduce the cost of innovation activities through policies, regulations and other means. Meanwhile, the improvement of green consumer awareness and public ecological awareness result in a good social atmosphere and moral strength, which contributes to the improvement of social green innovation efficiency.
Figure 2. The regional difference of green innovation efficiency in the first and third stage According to Figure 2 , the green innovation efficiency of eastern, central and western regions show a slight increase compared with the first stage. It increases respectively 2%, 56% and 53%. The eastern region has a smaller increase compared with the central and western regions, which indicates that the eastern region has better external environment in the first stage. However, the central and western regions are more affected by external environmental factors. Meanwhile, the distribution of green innovation efficiency in China is similar to that of economic development, which shows a pattern of declining in the east, central and west.
The eastern developed areas have obvious advantages in the geographical location, capital, talent, technology and other aspects. The central region also has the advantages in their own factors of production, industrial restructuring and technological innovation, and relies on the relevant national policy support. Because of these, the green innovation efficiency continues to increase in the central region. Because of its special geographical location, lagging economic development, inadequate management mode, innovative resource allocation efficiency and other factors, it results in less innovation output. Even if the innovation input and the undesirable output are not high, it still lags behind the national average.
Considering the efficiency and ranking of green innovation, Henan, Shanxi, Shandong, Chongqing have larger increase, respectively 13, 8, 8, 6. This indicates that these areas face a poor green innovation environment in the first stage. Beijing, Shanghai, Tianjin, Hubei have a larger decline, respectively 9, 9, 6, 6, which shows that the four regions enjoy a better external green innovation environment. In addition, Qinghai and Ningxia have always been at the bottom before and after the adjustment, which have a large space to improve in the future.
CONCLUSION
Today we face with the increasing serious resource scarcity and environmental problem, green innovation has become an important guarantee for the sustainable competitive advantage of a country. Even though the green innovation efficiency of industrial enterprises maintains a year-on-year growth trend, there is still much room for improvement. Environmental factors have a significant impact on China's green innovation efficiency. Therefore, each region should think about the impact of the government's efforts on environmental protection, economic development level, industrial structure and other factors on regional green innovation, and put forwards forward suggestions to promote the green innovation development of industrial enterprises in local region.
